pothalamus did not bring long-term benefits, its combination with bilateral stimulation of the NAcc practically freed the patient from aggressive disorders. It significantly improved the patient's quality of life.
Introduction
Already in the 70s, Sano et al. [1, 2] reported good results of bilateral lesions in the posteromedial hypothalamus in patients with pathological aggression. In a paper published in 2005, Franzini et al. [3] describe the treatment of 2 patients using deep brain stimulation of the posteromedial hypothalamus. They achieved good control of aggressive behavior in these patients. Long-term results of posteromedial hypothalamic deep brain stimulation for patients with resistant aggressiveness were published in 2013 by Torres et al. [4] .
The hypothalamus is a group of nuclei coordinating behavioral and autonomic disorders [4] . Its stimulation is considered a major hope for patients with erethism, but the world experience is scarce. On this basis, after approval by the local Bioethics Committee (the local ethical committee approved the treatment on February 10, 2012),
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Abstract
Background:
We describe a case of deep brain stimulation in a patient with severe aggression refractory to conservative treatment. The targets of the stimulation were set bilaterally in the posteromedial hypothalamus and -in a second procedure due to its ineffectiveness -in the nucleus accumbens (NAcc) bilaterally. Methods: In the first stage, we implanted electrodes into the posteromedial hypothalamus, after obtaining consent of the Bioethics Committee. In the early postoperative period, we observed significant improvement in the range of 50-90% in terms of quantity and quality of the attacks of aggression. After about 3 weeks, attacks of aggression started to return. Despite changes in the stimulation parameters there was no improvement. For this reason, based on the experience of surgery in patients with obsessive-compulsive disorder, Tourette syndrome and with morbid obesity, we decided to implant electrodes into the NAcc. Results: After 15 months of follow-up, the patient has no aggressive behavior, with no side effects. Conclusions: Although the stimulation of the posterior-medial hy-we qualified the patient with extremely severe aggression refractory to conservative treatment for deep brain stimulation.
Case Description
The 26-year-old woman was admitted to the Department of Neurosurgery because of attacks of aggression against herself and against the environment. In the interview, the patient was found to be born at the 25th week of gestation and diagnosed with cerebral palsy and obsessive-compulsive disorder (OCD). She was deaf-mute, with moderate mental retardation. She graduated from the special school for handicapped children at the high school; she attended therapy workshops. From the age of 16 her behavioral disorders, routing stereotyped and intrusive behaviour, touching, undressing, repeated checking and repeated entering the toilet, began to intensify. OCD was diagnosed. When the parents tried to correct her behavior, she hit herself on the head with her fists and bit her hands. She had sleep disorders (woke up at night and behaved as during the day), and she was overactive with self-injurious behavior and aggression to the environment.
The patient received various medications, but there was no improvement. Severity of aggression increased in the course of their administration, even in small doses. She was treated with chlorprothixen, clomipramine, clozapine, lithium, haloperidol, fluoxetine, sertraline, perazine, olanzapine, oxcarbazepine, risperidone, valproate, nitrazepam, clorazepam, carbamazepine, diazepam and clonazepam, but she felt best without drugs. She could not be left alone; practically all the time she spent with buckled belts or corset and had her hands immobilized. fig. 1 ). During the same procedure, the pulse generator was inserted in the subclavian pocket (Libra XP). Intraoperative control computed tomography (CT) showed the correct position of the electrodes ( fig. 2 ) .
The stimulator was originally started with the parameters of 180 Hz, 65 μs, 1 mA and body polarity (+), contacts 1 (-). During the hospitalization we increased the strength of stimulation to 1.5 mA. In the initial period of stimulation -up to 3 weeks of stimulation -the patient's condition improved significantly. The relationship with the family in the early postoperative period improved; after returning home, aggressive bouts decreased significantly by at least 50% -this applies to the frequency and severity of attacks. Also, improvement in reducing the length of time when the patient had to be under direct constraint was observed. However, from the 4th week, she again began to grow violent and gradually returned to the state before the operation. For this reason, we modified the frequency of stimulation parameters to 20-30-50-70 Hz and set the pulse width at this time at 130-450 μs. There was no improvement in the patient's condition. Subsequently, we changed polarity to -1, bipolar stimulation (-) 4 (+). At the amplitude above 1.1 mA, she felt severe dizziness. The decision was based on the experience of the treatment of OCD with this target and of Tourette syndrome, where we obtained an improvement of well-being, motivation, drive and normalization of hyperactive behaviors dependent upon external stimuli, as well as aggressive behavior.
The second treatment was also carried out under general anesthesia 5 months after the first operation. We obtained the consent of the local Bioethics Committee. The same type of electrodes and a pulse generator were used (ANS). Intraoperative CT showed the correct position of the electrodes ( fig. 4 ) . We activated the bipolar pacing stimulator using 1 (-) 4 (+), 130 Hz, 180 μs and initially 1.5 mA. The patient tolerated stimulation well. Already during the hospitalization mild improvement was observed, and she improved during the first 6 months. Now, 15 months after surgery, the patient's condition improved significantly: -attacks of aggression resolved completely; -obsessions resolved (which contribute to acts of aggression); -anxiety resolved.
During the day and night the patient does not require the use of coercive measures (which was previously necessary in order to avoid self-harming); she sleeps peacefully at night from about 21.30 to 9.30 (previously she slept only 2 h at night and functioned as during the day). She began to participate in family and social life -she travels with her family, is cycling and motorcycling, and takes part in family meetings. She does not require supervision any longer. Before surgery, she spent all the time with buckled belts; after the operation there is no need for this, and she stays in her room alone without parent supervision.
Fourteen months after the surgery, an accidental switching off of the stimulator occurred. She worsened a lot. She visited the neurosurgeon. After switching on the stimulator, her psychical status improved. It was a kind of inadvertent blinding of the follow-up.
Discussion
Deep brain stimulation may evoke or calm rage, fear and pain [4] . One of its targets is the hypothalamus.
The implantation of the first pair of electrodes, after an initial period of improvement, did ultimately not im- prove the patient's condition. Hence, we searched for an alternative treatment of the very severe disease of our patient ( fig. 5-7 ) . Selecting the NAcc was dictated by our observations of the behavior of patients after insertion of electrodes in the case of OCD, Tourette syndrome or morbid obesity [5] . Often, these patients did notice aggressive behavior arising in the course of their disease or appearing as a specific attempt to compensate for the symptoms.
After stimulation of the NAcc, these disorders resolved, and the patient gradually improved. One may now discuss whether the good effect of the second operation is a success because of the implantation of electrodes into the NAcc only or if it results from the combination of stimulation in two areas of the brain. Of course, we could turn off the stimulator inserted into the posteriormedial hypothalamus, but considering the very good treatment effect, restoring the family hope and joy of life, we do not want to risk deterioration in our patient.
The second target was chosen due to the gradual worsening of the condition of the patient. The results were unexpectedly good, but it should be the aim of further research, examining for example the interconnections between the NAcc and posteromedial hypothalamus.
The published data on neurophysiology, animal models and human cases suggest a role of the NAcc in immediate reward circuits [6] [7] [8] [9] [10] [11] [12] [13] [14] . NAcc stimulation is proven to be effective for example in drug, nicotine and alcohol dependence [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . We decided to treat the patient as dependent on food intake. This approach may also be supported by our own experience with the surgical treatment of OCD. The NAcc was chosen as a target because we have observed decreases in aggressive behavior in other cases treated with NAcc stimulation for other reasons (OCD, Tourette syndrome and pathological obesity). Our yet un- published case of a patient with OCD treated with bilateral NAcc stimulation proves the role of this structure in compulsive behavior, which may also be connected with craving for food. Modulation of NAcc activity resulted in a fast weight loss in the presented case without psychological deterioration. This may support the hypothesis of the important role of the limbic system in the pathogenesis of obesity after a hypothalamic lesion. The next case, operated on due to pathological aggression, was stimulated at the NAcc, but there are only moderately positive effects during the first weeks of follow-up. Maybe stimulation of the hypothalamus will be considered.
Conclusions
The placement of the second pair of electrodes significantly improved treatment outcome -now the patient is free from seizures of aggression. We do not observe any negative consequences of the stimulation. There is no need to keep strict supervision over the patient. She regained her drive and joy of life -she participates actively in family and social life.
